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Results
Eighteen studies were finally included in the meta-analysis. The frequency of DAPK promoter methylation in patients with HNSCC was 4.09-fold higher than the non-cancerous controls (OR = 3.96, 95%CI = 2.26-6.95). A significant association between DAPK promoter methylation and HNSCC was found among the Asian region and the Non-Asia region (Asian region, OR = 4.43, 95% CI = 2.29-8.58; Non-Asia region, OR = 3.39, 95% CI = 1.18-9.78). In the control source, the significant association between DAPK promoter methylation and HNSCC was seen among the autologous group and the heterogeneous group (autologous group, OR = 2.71, 95% CI = 1.49-4.93; heterogeneous group, OR = 9.50, 95% CI = 2.98-30.27). DAPK promoter methylation was significantly correlated with alcohol status (OR = 1.85, 95% CI = 1.07-3.21).
Conclusion
The results of this meta-analysis suggested that aberrant methylation of DAPK promoter was associated with HNSCC. a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Head and neck squamous cell carcinoma(HNSCC)is the sixth most common cancer worldwide [1] . More than 500,000new HNSCC cases are diagnosed each year, which include twothirds of the patients diagnosed with advanced stage, lymph node metastasis [2] . Moreover, the five-year survival of patients with HNSCC remains about 40-50% [2] .The molecular mechanisms associated with the pathogenesis of HNSCC comprise of a variety of genetic alterations such as mutations and epigenetic modifications, including methylation of CpG islands. In addition, the epigenetic modification resulting in the alteration of expression of tumor-related genes is considered crucial in the development of HNSCC [3, 4] .
The promoter methylation of the tumor suppressor gene (TSG) leads to gene inactivation, which reduces or inhibits the function of the tumor suppressor. Hypermethylation of the tumor suppressor gene occurs in cancer development for many types of cancers including HNSCC. The death-associated protein kinase (DAPK) is a tumor suppressor gene, which is a mediator of cell death of INF-γ-induced apoptosis [5] [6] [7] . The decreased expression of DAPK is associated with the methylation of gene promoter [8, 9] . The methylation of DAPK promoter has been found to be an important epigenetic modification in several types of cancers [10] [11] [12] .
Aberrant methylation of DAPK promoter has been reported in patients with HNSCC. However, the results are inconsistent. There are significant differences in the frequency of DAPK promoter methylationin patients with HNSCC. Moreover, whether the methylation frequency of DAPK promoter is correlated with clinicopathological features (sex, smoking status, alcohol status and lymph node invasion) in HNSCC patients remains unclear. Thus, we performed the meta-analysis to investigate the relationship between the methylation status of DAPK promoter and HNSCC, as well as the relationship between DAPK promoter methylation and clinicopathological features of HNSCC.
Materials and methods
The meta-analysis was performed according to the latest meta-analysis guidelines (PRISMA) [13] .
Data extraction and quality assessment
The relevant data from the eligible studies were independently retrieved by two authors (Fucheng Cai and Yi Zhong). The relevant data include the name of the first author, year of publication, region of study subjects, age of patients, methylation detection method, source of control, type of samples in the control group, number of people with DAPK methylation in case and control groups, and sample size of case and control groups. Moreover, we also extracted the number of individuals with DAPK methylation in clinical features' subgroups in the studies investigating the correlation between DAPK promoter methylation and clinical characteristics of HNSCC. The third reviewer (Xiyue Xiao) independently reviewed the relevant data extracted from the eligible studies.
Statistical analysis
The strength of the association between DAPK promoter methylation and HNSCC was evaluated by odds ratio (OR) with 95% confidence intervals (CIs).The degree of association between DAPK promoter methylation and clinicopathological features was also evaluated by OR with 95%CI.The heterogeneity among the included studies was estimated by the Cochran Q test and I 2 statistics [14] .The random-effects model was used to compute the pooled ORs when the heterogeneity was considered significant (P<0.05 for the Q statistic). In the case of a different scenario, a fixed-effects model was applied to compute the pooled ORs. To explore the potential source of heterogeneity among the included studies, meta-regression analyses, and subgroup analyses were conducted. A sensitivity analysis was employed to assess the influence of each study excluded in the combined OR. The publication bias was assessed by the Begg's funnel plot [15] and Egger's test [16] . The reported P values were two-sided for all the analyses. 0.5 is added as a default to all 0 counts when the 2×2 
Results

Identification of studies and study characteristics
A total of 188 studies were initially identified by literature search. The duplicates and non-relevant studies (reviews and animal and cell studies) were excluded by considering the title and abstract of the studies. 28 articles with potentially relevant studies were further identified by examining the full text. Finally, 18 studies were included in the meta-analysis after excluding studies without methylation frequency and tissues in the case group. The detailed study selection process is illustrated in Fig 1. Out of the 18 studies included, 15 studies with 818 cases and 852 controls were combined to calculate the pooled OR between DAPK promoter methylation and HNSCC. The 15 studies encompassed the publication years from 2002-2015. The methylation detection methods consisted of the methylation-specific polymerase chain reaction (MSP), real-time quantitative MSP (QMSP), and bisulfite sequencing PCR (BSP). Among the 15 included studies, 10 studies used MSP, 4 studies used QMSP and 1 study used BSP to explore DAPK promoter methylation in HNSCC and corresponding control. Eight studies were of Asian subjects and seven studies were of non-Asian subjects. The sample of controls consisted of tissue, blood, saliva, and buccal scrapings. The control source contained autologous and heterogeneous controls. The detail study characteristics were summarized in Table 1 .
Among the 18 included studies, seven studies were combined to estimate the pooled OR between DAPK promoter methylation and clinicopathological features of HNSCC from the 18 included studies. The clinicopathological features included sex, smoking status, alcohol status, and lymph node invasion. The detailed characteristics of the study were summarized in Table 2 .
Association between DAPK promoter methylation and HNSCC
In the meta-analysis, the heterogeneity among the included studies was significant for Q test (P<0.001). Thus, the random-effect model was employed to evaluate the summary of ORs. In the random-effect model, we found that DAPK promoter methylation was significantly associated with HNSCC (pooled OR = 3.96,95%CI = 2.26-6.95) (Fig 2) .
Association between DAPK promoter methylation with clinicopathological features
The meta-analysis result suggested that the frequency of DAPK promoter methylation in patients with HNSCC was significantly higher than the corresponding controls (Fig 2) .Therefore, we also assessed the association between DAPK promoter methylation and the clinicopathological features. Among the included studies, the smoking group was divided into three groups (Current, Former, and Never) in three studies. The smoking group in the three studies was divided into two groups (Smoker and Non-smoker). To pool the data, the Current group was classified as Smoker group, and the Former and Never groups were classified as Nonsmoker group. In the meta-analysis, DAPK promoter methylation was not significantly correlated with sex, smoking status, and lymph node invasion ( Fig 3A, 3B and 3D) . However, the (Fig 3C) .
Meta-regression analysis and subgroup analysis
The meta-regression analysis was used to explore the potential sources of heterogeneity among the included studies. We found that the possible source of heterogeneity was the method (P = 0.04) according to the meta-regression analysis (Table 3) . To further assess the potential sources, we conducted the subgroup analysis according to the region, methylation detection method, control source, control sample type, and sample size of the case group. With respect to the subgroups categorized by the region, significant association between DAPK promoter methylation and HNSCC was found among the Asian region and the NonAsia region in the random-effect model (Asian region, OR = 4.43, 95% CI = 2.29-8.58; NonAsia region, OR = 3.39, 95% CI = 1.18-9.78).The heterogeneity did not decrease remarkably among the region-based subgroup. In the methylation detection method group, Ogi et al. [17] used bisulfite-PCR (BSP) to detect methylation and was classified as the MSP group.
The significant association between DAPK promoter methylation and HNSCC was displayed among the MSP in the random-effect model and the QMSP in the fixed-effect model (MSP, OR = 2.97, 95% CI = 1.55-5.70; QMSP, OR = 8.84, 95% CI = 5.22-14.99). In the control source, the significant association between DAPK promoter methylation and HNSCC was seen among the autologous group and the heterogeneous group in the random-effect model (autologous group, OR = 2.71, 95% CI = 1.49-4.93; heterogeneous group, OR = 9.50, 95% CI = 2.98-30.27). With the control sample type, a significant association between DAPK promoter methylation and HNSCC was found among the tissue group and the non-tissue group in the random-effect model (tissue group, OR = 3.95, 95% CI = 1.89-8.25; non-tissue group, OR = 5.30, 95% CI = 2.17-12.93). With the sample size in the cases, significant association between DAPK promoter methylation and HNSCC was found among the <60group in random-effect model and the !60 group in the fixed-effect model (<60 group, OR = 4.64, 95% CI = 1.94-11.06; !60 group, OR = 3.12, 95% CI = 2.17-4.49). The subgroup analysis of DAPK promoter methylation associated with HNSCC was summarized in Table 4 . 
Sensitivity analysis
The sensitivity analysis was performed to evaluate the stability of the conclusions according to the leave-one-out method by excluding one study. The pooled OR was changed from 3.47 (95%CI = 2.01-6.00) to 4.53(95%CI = 2.67-7.70) under the random-effect model, which confirms the stability of the results (Fig 4) . Therefore, the result of the meta-analysis was stable and reliable.
Publication bias
Publication bias of the included studies was assessed through the Begg's funnel plot and Egger's test. The shape of the Begg's funnel plot did not reveal any potential asymmetry ( Fig  5) . The publication bias detected by Egger's test was not significant (P = 0.55).
Discussion
Hypermethylation of the promoter of the tumor suppressor gene (TSG) resulted in silencing the expression of TSGs in carcinogenesis of the tumor. Death-associated protein kinase (DAPK), a tumor suppressor gene, could mediate cell death in INF-γ-induced apoptosis, whereas inactivated DAPK, could lead to the pathogenesis and metastasis of the tumor [18] . The loss of expression of DAPK mainly induced by methylation of its promoter plays a crucial role in the carcinogenesis of the tumor [19] . The present meta-analysis including 15 studies was performed to quantitatively assess the strength of association of DAPK promoter methylation and HNSCC. The overall frequency of DAPK promoter methylation in patients with HNSCC was 43.64% and 20.42% in the control A significant heterogeneity between the studies was found by Q-test in the meta-analysis. The subgroup analysis was conducted to explore the potential heterogeneity among the included studies in our meta-analysis; a significant association between DAPK methylation and HNSCC was found in all the subgroup (Table 4 ). In the methylation detection method group, a significant association between DAPK promoter methylation and HNSCC was observed among the MSP in the random-effect model and the QMSP in the fixed-effect model (MSP, OR = 2.97, 95% CI = 1.55-5.70; QMSP, OR = 8.84, 95% CI = 5.22-14.99). The pooled ORs in QMSP were higher than in the MSP. The phenomenon could be attributed tothe specificity and sensitivity of QMSP detecting up to 1/1000 methylated alleles more than the conventional MSP [20] . With the control source, the significant association between DAPK promoter methylation and HNSCC was found among the autologous group and the heterogeneous group in the random-effect model (autologous group, OR = 2.71, 95% CI = 1.49-4.93; heterogeneous group, OR = 9.50, 95% CI = 2.98-30.27).The results suggested that the frequency of DAPK promoter methylationin the autologous control was higher than the heterogeneous control. This indicated that the DAPK promoter methylation might play a crucial role in the pathogenesis of HNSCC.
We also investigated the correlation between the DAPK promoter methylation and the clinicopathological features. The results suggested that DAPK promoter methylation was significantly correlated with the alcohol status. The drinkers have a 1.85-fold increased DAPK methylation frequency compared with the non-drinkers (OR = 1.85, 95% CI = 1.07-3.21). The DAPK promoter methylation was not significantly correlated with sex, smoking, and lymph node invasion.
However, the present meta-analysis exhibited some limitations. First, a limited number of articles were included in the meta-analysis for assessing the correlation between DAPK promoter methylation and clinicopathological features. Thus, the accurate and reasonable conclusions need to be confirmed in future studies. Second, although the publication bias was not significant according to Egger's test, some unpublished studies and non-English language studies may contribute to some bias.
In conclusion, the present study found that aberrant methylation of DAPK promoter was associated with HNSCC, which suggested that the promoter methylation of DAPK plays a crucial role in the development of HNSCC. However, well-designed studies with larger sample size may be performed in order to further confirm the correlation between DAPK promoter methylation and HNSCC. 
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